This study evaluates the effect of orthostasis on the low frequency (LF, 0.04 to 0,15 Hz) fluctuations in the blood flow velocity of the middle cerebral artery (MCAFV) in rela tion to its arterial blood pressure (ABP) equivalent to further define and quantify this relationship in cerebrovascular regu lation. Spectral analysis was performed on 22 healthy subjects during supine rest and head-up tilt. The power in the LF range can be used to quantify the LF fluctuations, and four types of LF power data could be obtained for each individual: LF power of supine MCAFV, LF power of supine ABP, LF power of tilt MCAFV, and LF power of tilt ABP. By comparing LF power of MCAFV with LF power of ABP, two power ratios could be generated to describe the flow-pressure relationship during su pine rest and head-up tilt, respectively, supine power ratio (LF power of supine MCAFV / LF power of supine ABP) and tilt power ratio (LF power of tilt MCAFV/ LF power of tilt ABP). Recent advancement in frequency domain analysis of the spontaneous fluctuations of arterial blood pressure (ABP) and middle cerebral artery flow velocity (MCAFV) has greatly expanded our insight into cerebro vascular regulation. Noninvasive technologies such as instantaneous ABP monitors and transcranial Doppler sonography have been successfully used to record ABP and MCAFV fluctuations, respectively, with high tem poral resolution (Aaslid et aI., 1989; Aaslid et aI., 1991; Abbreviations used: ABP, arterial blood pressure; LF, low fre quency; MABP, mean ABP; MCA, middle cerebral artery; MCAFV, MCA flow velocity.
In addition, an index for dynamic autoregulation in response to orthostasis can be calculated from these two power ratios (tilt power ratio/supine power ratio). The authors found that this index was dependent on the extent of orthostatic MCAFV changes, and the dependency could be mathematically ex pressed (r = 0.61, P = .0001), suggesting its involvement in cerebrovascular regulation. Moreover, these data further sup port the previous observation that the LF fluctuations of MCAFV might result from modulation of its ABP equivalent, and the modulation effect could be quantified as the power ratio (LF power of MCAFV / LF power of ABP). These observations could be an important step toward further insight into cerebro vascular regulation, which warrants more research in the future. domain offers the unique capacity to evaluate cerebral autoregulation because the relationship of ABP and MCAFV can be described in a dynamic fashion (Diehl et aI., 1995; Blaber et al; Kuo et aI., 1998) . Our laboratory has successfully applied such techniques to study cardiovascular and cerebrovascular fluctuations (Kuo et aI., 1997 (Kuo et aI., , 1998 Hu et aI., 1999) . We have re ported that the fluctuations in MCAFV, similar to ABP, could be diffracted into three components at specific fre quency ranges, designated as high-frequency (HF, 0.15 to 0.40 Hz), low-frequency (LF, 0.04 to 0.l5 Hz), and very low-frequency (VLF, 0.016 to 0.04 Hz) components (Kuo et aI., 1998) . Analysis of these tiny oscillations in the circulation system has been proven useful in the di agnosis of various diseases or prediction of patient out comes (Yien et aI., 1997; Kuo et aI., 1997; Hu et aI., 1999) .
In our previous study (Kuo et aI., 1998) Kuo et ai., 1998; Zhang et ai., 1998; Hu et ai., 1999) . However, opinions regarding the clinical significance of LF magnitude (transfer gain) in relation to cerebral autoregulation remain divided (Blaber et ai., 1997; Zhang et aI., 1998; Hu et ai., 1999) .
Therefore, we would like to use the fundamental data from spectral analysis to resolve this controversy. The LF fluctuations can be quantified as the power of the LF range of the MCAFY and ABP, respectively (Kuo et ai., 1998; Hu et ai., 1999) , which are readily available with spectral analysis. Thus, we could compare the LF power ( of MCAFY with its ABP equivalent, intending to quantify the MCAFY -ABP relationship in the LF range. More specifically, this explores the physiologic significance of these power data in terms of cerebrovascular regulation.
Since head-up tilt is considered a reliable method to study cerebral autoregulation by inducing defined per turbations to cardiovascular and cerebrovascular systems (Daffertshofer et ai., 1991; Daffertshofer and Hennerici, 1995; Novak et ai., 1998) , we hoped that our goal could be achieved by relating these LF power data during su pine rest and head-up tilt to the orthostatic cardiovascular and cerebrovascular changes. The analysis technique for ABP and MCAFV variability has been documented previously (Kuo and Chan, 1993; Kuo et aI., 1998) . MCAFV signals were first normalized by mean Hz), and HF (0.15 to 0.4 Hz). These frequency ranges were determined by those previously defined for heart rate variabil ity (Anonymous, 1996) .
SUBJECTS AND METHODS
Low frequency power data from the left and the right middle 
RESULTS
The mean ±SD of the MABP, left and right mean MCAFV were 91.8 ± 13.9 mm Hg, 62.0 ± 15.3 CIn/S, and 63.1 ± 14.9 cm/s, respectively, during supine rest, and 94.8 ± 12.3 mm Hg, 57.8 ± 13.6 cm/s, and 58.3 ± 14.9 cm/s, respectively, during head-up tilt. The mean ± SD of �MABP, left and right �MCAFV were 3.8 ± 6.5%, 7.0 ± 5.6%, and 7.6 ± 5.8%, respectively. The mean ± SD of the LF po�er of ABP, the left and right MCAFV were 6.0 ± 3.4 mm Hg 2 , 14.4 ± 6.9 unit 2 , and 12.9 ± 6.8 unit (Fig. 2) . These data showed no side to side differ ences, and they were pooled together such that power, Poor correlation was found between �MABP and �MCAFV (r = -0.047, P = .764). None of the LF power alone is significantly correlated with �MABP or �MCAFV. Good linear correlation was found between �MCAFV and the ratio index (r = 0.54, P = .0002), suggesting flow dependency of this index. We found that a second-order model further improved the correlation of the index and �MCAFV (r = 0.6 1, P = .0001), and the regression line was expressed in equation 1 (Fig. 3) . On the other hand, the correlation of this index with �MABP was not significant (r = -0.057, P = .713), suggesting lack of pressure dependency.
( 1)
DISCUSSION
There are two primary findings in this study.
(1) The relationship of LF components between MCAFV and ABP fluctuations could be described quantitatively as power ratio, and we further revealed that the regulatory mechanism of this relationship was flow dependent.
(2)
Calculation of the ratio index and derivation of equation Left CBF changes (Giller et aI., 1993; Tiecks et aI., 1995) . Moreover, this index might serve as an indicator for ce rebrovascular regulation. The parabolic regressive curve revealed in Fig. 3 suggested that the ratio index would increase on orthostatic flow change, be it increase or decrease. Therefore, a second-order model improved the prediction of this index over AMCAFV (Kleinbaum et aI., 1988) . This is in agreement with our previous report in which we hypothesized that the LF fluctuations of the MCAFV might result from modulation of its ABP equivalent (Kuo et aI., 1998) . This hypothesis could be expressed as equa tion 2. Therefore, the power ratio might represent the modulation effect based on this hypothesis (equation 3).
In addition, the ratio index could be obtained by com paring the modulation effect during head-up tilt with that during supine rest (equation 4). Because this index was found to correlate well with orthostatic CBF changes, it was suggested that changing this modulation effect was associated with changing CBF. This further supports our hypothesis that the power ratio may be related to this modulation effect, which is considered to be associated with cerebral autoregulation (Kuo et aI., 1998) . 
The clinical significance of spontaneous CBF fluctua tions in cerebrovascular regulation was not appreciated until the application of frequency domain analysis (Diehl et aI., 1991; Newell et al,. 1992 ). We and other investi gators have reported the clinical correlation of magnitude (transfer gain) and impaired cerebral autoregulation in a variety of disease states (Giller 1990; Blaber et aI., 1997; Hu et aI., 1999) . However, opinions regarding the clini cal significance of LF magnitude (transfer gain) re mained divided. In our study on patients with carotid disease, the LF magnitude was significantly reduced on the side ipsilateral to carotid stenosis as compared with that of the normal controls (Hu et aI., 1999) . On the contrary, Zhang et ai. (1998) reported an increased mag- nitude in the frequency range of 0.07 to 0.20 Hz in three normal subjects on CO 2 inhalation, and they suggested that an increase in LF magnitude was associated with impaired cerebral autoregulation. Blaber et aI. (1997) applied graded tilts to study eight patients with auto nomic failure and their controls. They found the aver aged LF magnitude (gain) to be significantly higher in patients than in controls in the supine state, and they suggested that an increased averaged LF magnitude (gain) might represent impaired cerebral autoregulation.
Therefore, this study might be well suited to address this controversy because LF magnitude and the power ratio are related in a particular way. In case of perfect coherence (r = 1) between two oscillations, the power ratio between them (such as that in this study) will be the square of the magnitude (Cerutti et aI., 1994; Linden and Diehl, 1996) . Moreover, LF power of ABP, which is the denominator of the power ratio, has been proved to be correlated to sympathetic vasomotor activity . LF power of ABP may be reduced in patients with sympa thetic insufficiency (Linden and Diehl, 1996; Omboni et ai., 1996) , which could result in increased power ratio and LF magnitude. Therefore, the increased LF magni tude might be a reflection of autonomic failure rather than impaired cerebral autoregulation.
Cerebral perfusion on orthostatic challenges can not be predicted from the ABP changes alone (Novak et al., 1998) , and a measurable indicator that can reasonably represent CBF changes is sorely needed. The flow de pendent characteristic of the ratio index shown in equa tion 1 would make it an appealing indicator to serve this purpose. However, since the maximal orthostatic flow decrease in this study was 17%, there might be some 
